Figure 1.
Upper left: bathymetry and topography map of the Tyrrhenian region located in the western Mediterranean (see the inset). Black thick and red lines depict the WAS and MCS transects acquired during the MEDOC experiment, respectively. The most relevant profiles for this study are MEDOC1/Line AB (Moeller et al. 2013 ) and MEDOC2/Line CD (Moeller et al. 2014) in the Northern Tyrrhenian, and MEDOC4/Line EF (this study) and MEDOC6/Line GH (Prada et al. 2014) in the Central Tyrrhenian. The lower panel shows a close-up of the study area crossed by the two last transects. The location of Land stations, OBS, and OBHs used to acquire WAS data is defined by yellow circles. Prior geological information has been also included and depicted by coloured triangles (Dietrich et al. 1977; Colantoni et al. 1981; (transect G-H at 40 • N in Fig. 1 ) indicate that the crustal structure is far more complex implying rapid changes of strain and magmatic activity (Prada et al. 2014) . The new findings reveal a crustal velocity structure that is closer to oceanic crust rather than to continental crust beneath the Cornaglia and the Campania Terraces (Fig. 1 ), but mid-and lower-crustal velocities are slower than typical young mid-ocean-ridge crust. Similarly to other backarc basins (e.g. Lau basin), this type of magmatic crustal accretion may be related to passive mantle decompression by backarc extension with some influence of slab-derived melting (Dunn & Martinez 2011) . Moreover, the MEDOC results also revealed that in the Magnaghi and Vavilov basins (hereafter MB and VB, respectively) the basement is characterized by the lack of Moho reflections and by strong velocity gradients characteristic of exhumed mantle rocks as observed in other regions (e.g. Sallarès et al. 2013a) , and that the lateral transition between the accretion of magmatic rocks and the mantle exhumation occurs abruptly. Structures like the Gortani Ridge (Fig. 1) , previously attributed to oceanic spreading (Beccaluva et al. 1990; , are imaged as local velocity anomalies that likely correspond to discrete magmatic intrusions, and hence, not representative of the entire basement affinity. These observations together with the recovery of serpentinized peridotites in the VB (Fig. 1) at Site 651 of the Ocean Drilling Program (ODP) Leg 107 (Bonatti et al. 1990; indicate that the basement beneath the MB and VB (Fig. 1) is mainly made of exhumed mantle rocks locally intruded by magmatic basaltic bodies. This new model of basement domains in the Central Tyrrhenian region is radically different to the continental structure found in the northern MEDOC transects presented in Moeller et al. (2013 Moeller et al. ( , 2014 Fig. 1) . Here we present an integrated geophysical and geological study that aims at defining the distribution of the crustal domains in the Central Tyrrhenian (this work and Prada et al. 2014) and their transition towards the simpler continental rift structure that characterizes the northern Tyrrhenian region (Moeller et al. 2013 (Moeller et al. , 2014 .
We present a combined WAS and gravity model together with a coincident MCS image along the ∼400-km-long transect E-F, which is located ∼55 km north from profile G-H at 40
• N (Prada et al. 2014) , and ∼55 and ∼140 km south of transects A-B (41.8 • N) (Moeller et al. 2013) and C-D (41 • N) (Moeller et al. 2014) , respectively ( Fig. 1 ). We present a 2-D P-wave velocity (Vp) model along the whole profile obtained by joint refraction and reflection traveltime inversion, together with the coincident post-stack timemigrated MCS profile (MEDOC 4), and the gravity modelling of a Vp-derived density model. In a first step, we interpret the nature of the main geological domains along transect based on the Vp distribution and the tectonic structure based on the MCS image. We interpret the petrological affinity of the basement by comparing our velocity model with velocity compilations of different rock types, and then we check if the Vp-based petrological interpretation is consistent with gravity data. Finally, we interpret the new results of transect E-F with those of transect G-H, previously presented in Prada et al. (2014) . In addition, we integrate geological and geomorphological information from rock sampling and bathymetry, respectively, to propose a 3-D distribution of basement domains and to identify the limits between the different domains in the Central Tyrrhenian.
G E O L O G I C A L S E T T I N G
The Tyrrhenian is a Neogene backarc basin formed by E-SW migration of the Apennines-Calabrian subduction system (Malinverno & Ryan 1986; Faccena et al. 2001) . The onset of widespread extension in the Tyrrhenian region was preceded by rifting (∼30-15 Ma) and oceanic spreading of the Liguro-Provençal basin (Gailler et al. 2009 ) as a result of the 25
• -30
• counter-clockwise rotation of the CorsicaSardinia block at ∼20-15 Ma (Gattacceca et al. 2007 ). Then, rifting in the Tyrrhenian basin took place during intra-Tortonian time (∼10-9 Ma) (Rehault et al. 1987; Trincardi & Zitellini 1987; Mascle & Rehault 1990; Sartori 1990 Sartori , 2001 . From Tortonian to Messinian, the eastward migration of the subduction system caused a roughly E-W backarc extension (Faccena et al. 2001) .
During the Messinian (∼7-5 Ma) the style of slab rollback experienced a change. In the Northern Tyrrhenian (north of 40
• 45 N) slab rollback and backarc extension slowed down in the upperMessinian and stopped during Pleistocene times (Bartole 1995) , forming a roughly N-S-trending system of basins (Zitellini et al. 1986; Trincardi & Zitellini 1987 ) on a 20-25-km-thick continental crust locally affected by magmatic underplating (Moeller et al. 2013 (Moeller et al. , 2014 .
The Central and Southern Tyrrhenian (40 • 45 N to 39
• N) underwent a comparatively larger amount of extension since slab rollback continued southeastwards (Faccena et al. 2001 ). Higher extension rates in the central region resulted in the formation of several deep basins, in which continental crust (e.g. Sardinia margin), probably magmatic backarc crustal accretion (e.g. Cornaglia Terrace) and exhumed mantle (i.e. MB and VB) underlay a thin sedimentary cover (Sartori et al. 2004; Prada et al. 2014) . Dredging and drilling in this region support the petrological diversity of the basement ( Fig. 1 ; Colantoni et al. 1981; ). Currently, the subduction system is located in the Calabrian arc, represented in the Southern Tyrrhenian by the Sicilian and Calabrian continental margins and the Aeolian volcanic arc.
M E T H O D S

Seismic phase interpretation, traveltime tomography and uncertainty analysis
The WAS data along transect E-F were recorded by 23 E-2PD and HTI-01-PCA Ocean Bottom Hydrophones (OBHs) from Geomar, 5 LC2000 4 × 4 Ocean Bottom Seismometers (OBSs) from the Spanish pool, and 5 Lennartz M24-LP-24 Bit seismometers installed onshore in Sardinia by Istituto per la Dinamica dei Processi Ambientali (IDPA; Fig. 1 ). The average receiver spacing was ∼10 km. The seismic source was two subarrays of 6 G-II airguns each, with a total capacity of 4600 in 3 , fired at constant interval of 90 s (∼220 m). The processing sequence of OBHs and OBSs data includes predictive deconvolution, bandpass filtering (2-11 Hz) and automatic gain control. For land-station records only a 3-13 Hz bandpass filtering was applied. The corresponding record sections are included in Supporting Information (Figs SA1-SA32).
Three main types of seismic phases were identified in the record sections. Two of them were interpreted as refractions throughout the crust (Pg) and mantle (Pn), and the other as a reflected phase into the crust-mantle boundary (PmP). The sediment layer is thin so that the corresponding seismic phases are hard to identify in the seismograms. In Sardinia, most land-stations display a ∼40-km-long Pg phase with an apparent velocity of 6.0-6.5 km s −1 , except landstation EF1 (Fig. SA5 , Supporting Information), where it is >70-km long. A Pn phase with an apparent velocity of ∼8 km s −1 is identified only in land-stations EF1 and EF4, at 90-100 km offset (Figs SA2 and SA5, Supporting Information) . The PmP phase is clearly identified in land-station EF1 (Fig. SA5 (Fig. 1) , displays striking differences with other records, showing a Pg phase extending to ∼40 km offset with faster apparent velocity (∼7 km s −1 ), followed by a Pn-like phase (Fig. SA25 , Supporting Information). Similarly, Pg phases observed in the record sections of the eastern wing of OBH 55 (Fig. SA24 , Supporting Information) and the western wing of OBH 57 (Fig. SA26 , Supporting Information) also display fast apparent velocities of >7 km s −1 immediately below the sediments. Interestingly, only a short PmP-like reflection has been identified in the western wing of OBH 57 (Fig. SA26 Overall, a total of 14 557 first arrivals corresponding to Pg and Pn refracted waves and 2477 picks corresponding to PmP reflections were manually picked in the 32 record sections. The uncertainty of the different seismic phases, measured as half a period of the dominant recorded wavelength, is 40-50 ms for Pg and Pn, and 60 ms for PmP.
The data set was modelled with the joint refraction and reflection traveltime inversion method using TOMO2D from Korenaga et al. (2000) to obtain the 2-D Vp distribution of the crust and uppermost mantle and the Moho geometry (Fig. 2a) . To invert the data we followed a layer-stripping strategy similar to that applied and presented in previous works (e.g. Sallarès et al. 2013a; Prada et al. 2014) . Additional details concerning the traveltime inversion method and the layer-stripping strategy are included as Supporting Information (see Annex B).
The Vp model shown in Fig. 2 (a) was obtained after 10 iterations with a root mean square (RMS) misfit of 68 ms (chi-squared value, χ 2 1.3). The RMS for Pg and Pn phases is 70 and 59 ms for PmP. Data coverage is represented by the derivative weight sum (DWS; Fig. 2b ), which is a measure of the linear sensitivity of the inversion (Toomey & Foulger 1989) . We have also estimated the model parameter uncertainties related to the initial model selection and the picking error by performing a Monte Carlo-like analysis (Korenaga et al. 2000; Sallarès & Ranero 2005; Moeller et al. 2013 ) (see Annex B in Supporting Information for further details of this assessment). The results of this analysis are shown in Fig. 2 
(c).
R E S U LT S
Velocity structure
The velocity structure of the crust and uppermost mantle together with the Moho geometry are shown in Fig. 2(a) . Along transect E-F velocity changes laterally abruptly in both sediments and basement, and indicates crustal thinning toward the basin centre (Fig. 2a) . We have identified five domains along transect E-F (1a, 1b, 2a, 2b, 3, 4 and 5 in Fig. 2a ) on the basis of their vertical velocity distribution. Since some regions are also imaged by transect G-H further south ( Fig. 1) , we have used the same numbering as in Prada et al. (2014) . This way, the location of Domains 1a, 2a, 3, 4 and 5 along the model corresponds to the distribution to the north of the five velocity domains defined in transect G-H (Fig. 3b) , whereas Domains 1b and 2b are not crossed by transect G-H (Figs 1 and 3 ). Domain 1a (Fig. 2a) , corresponds to Sardinia island and its continental margin. Crustal velocities beneath the island range between 6.0 and 6.5 km s −1 , similar to transect G-H (Fig. 3b) . At Sardinia margin (OBS 36-40 in Fig. 2a ) the base of the 2.0-2.5-km-deep Sardinia basin correspond to the velocity contour of 3.5 km s −1 . This basin is limited to the east by the continental Baronie seamount (Figs 1 and 2a) . The upper 2-3 km of the basement present a strong velocity gradient (∼0.5 s −1 ), that is gentler below. Mid-and lowercrustal velocities range between 6.0 and 6.5 km s −1 (Fig. 2a) . In this domain, the crust thins from ∼25 km under the Island to ∼10 km at ∼140 km along the transect (Fig. 2a) . Domain 2a extends across the northernmost part of Cornaglia Terrace, from km ∼140 to 200 (Fig. 2a) . As in transect G-H, this domain has lower crust velocities that range from 6.5-7.5 km s −1 ; ∼10 per cent higher than the velocity of Domain 1a (Fig. 3a) . The basement thins from ∼11 to ∼7 km from km 140 to ∼170, and remains fairly constant to the edge of Domain 2a (Fig. 2a) .
Eastward, Domain 1b includes the Secchi segment that contains the Secchi seamount (Fig. 1 ). This domain extends from km 200 to 270 (Fig. 2a) and presents a velocity distribution of the sediment layer and uppermost 2-3 km of basement similar to Domain 2a (Fig. 2a) . However, mid-and lower-crust velocities are lower, ranging between 5.5 and 6.5 km s −1 , similar to Domain 1a of the Sardinia margin (Fig. 2a) . The basement is 7-8 km thick along the entire domain with an almost flat Moho geometry (Fig. 2a) .
Domain 2b encompasses the Farfalla segment extending from km 280 to ∼300 (Fig. 2a) . Here, lower crustal velocities sharply increase near the VB (Figs 1 and 2a) , reaching values between 6.5 and 7.5 km s −1 at ∼2-3 km of depth below the top of basement. In this domain, the crust thins from ∼7 to ∼6 km ( (Fig. 2a) .
To the east, Domain 4 includes the northern extension of the Campania Terrace (Fig. 1) , and extends from km ∼320 to ∼350 (Figs 1 and 2a) . The crustal velocity distribution is similar to that of Domain 2b, with lower crustal velocities that decrease away from VB (Fig. 2a) . The crustal thickness increases from ∼6 to 9 km in ∼30 km of profile, bounded by a well-defined Moho (Fig. 2a) .
Domain 5 extends from km ∼350 to the end of the profile along the Campania margin (Fig. 2a) . Here, mid-and lower-crust velocity decreases compared to Domain 4, to 5.5-6.5 km s −1 (Fig. 2a) , and are similar to velocities of Domains 1a and 1b. Finally, the crust thickens from 10 to 14 km thick in less than 20 km along profile (Fig. 2a) .
Uncertainty analysis
The crustal velocity structure and Moho geometry uncertainty along transect E-F is presented in Fig. 2(c) . The Vp uncertainty is less than ±0.1 km s −1 in the uppermost parts of the model, where the ray coverage of Pg phases is the best (Fig. 2c) , and increases to ±0.2 km s −1 in regions where ray coverage of Pg phases is poorer so that crustal velocity is mainly constrained by PmP, for instance under Sardinia Island and margin (Fig. 2b) . Moho depth uncertainty ranges from ±0.25 km in regions well covered by both Pg and PmP (e.g. between OBH 45 and OBH 54 in Fig. 2b) , and almost ±1 km in the edges of the model, where it is mainly constrained by PmP reflections (e.g. beneath Campania margin) (Fig. 2b) , or where Pg coverage is poor (i.e. western part of Sardinia margin). 
Velocity analysis and automatic basement classification from 1-D Vp profiles
To infer the petrological nature of each domain along transect E-F we compared in Fig. 4 their vertical velocity structure with compilations of velocity-depth profiles corresponding to 20-km-thick continental crust (Christensen & Mooney 1995) , 0-7 Ma-old Atlantic oceanic crust (White et al. 1992) , and exhumed mantle rocks. This last includes velocity-depth profiles from the Central Tyrrhenian basin (Prada et al. 2014) and from the Gulf of Cadiz (Sallarès et al. 2013a; Fig. 4a) . Additionally, to properly compare the thinnest crustal domains of our model, we present here a new velocity-depth compilation for continental ultra-thin crust, hereafter 'CUT' crust (Fig. 4a) . This reference compilation model presents the vertical velocity structure of continental crust found in the 5-10-km-wide edge of continental margins near the crustal break up region. Velocitydepth profiles used for this new reference are from Nova Scotia rifted margin (Funck et al. 2003 (Funck et al. , 2004 Wu et al. 2006) , the Grand Banks of Newfoundland (Lau et al. 2006; Van Avendonk et al. 2006) , and the Moroccan margin (Nova Scotia Department of Energy 2011).
at CSIC on October 29, 2015
http://gji.oxfordjournals.org/ We applied the approach described in Prada et al. (2014) to automatically compare 1-D velocity-depth profiles at each point of the 2-D velocity model with the aforementioned references (Fig. 5) . Overall, the vertical velocity structure of Domains 1a, 1b and 5 ( Fig. 4b and 5 ) matches well with continental crust compilations (Christensen & Mooney 1995) . The crustal velocity structure of Domain 2a is between continental and oceanic (Fig. 5) . However, lower crustal velocities in this domain are slower than expected for young oceanic crust and rather similar to CUT crust (Fig. 4b) . The vertical velocity gradient of Domains 2b and 4 is automatically classified as oceanic (Fig. 5) , although it also fits reasonably well the CUT crust compilation (Fig. 4b) . The continuous steep gradient of Domain 3 matches better the exhumed mantle rock reference ( Fig. 4b and 5 ).
Density structure
The gravity modelling (Fig. 6) allowed to check the results of the velocity analysis and the basement affinity classification (Fig. 4b  and 5 ). Details related to this methodology are included in section B2 of Annex B in Supporting Information.
Based on the results of the Vp analysis, the Vp-ρ relationships used for the basement were initially Christensen & Mooney's (1995) for continental crust in Domains 1a, 1b and 5; Carlson & Herrick's (1990) law for oceanic basalts and gabbros in Domains 2a, 2b and 4; and finally Carlson and Miller's (2003) relation for serpentinized peridotites in Domain 3. The fit of this model is good overall, but presents a misfit of 10-15 mGal in Domain 2a, similarly to what is observed in transect G-H (Prada et al. 2014) . We suggest that this misfit reflects a compositional difference with respect to a typical oceanic crust, as reflected by the comparatively slow velocity of the lower crust (Figs 4b and 5) . As in transect G-H (Prada et al. 2014 ), a crustal density reduction of 2 per cent in this domain explains well the observed gravity anomaly (Fig. 6b) .
Tectonic structure
The post-stack time-migrated MCS profile MEDOC 4 shows the sediment cover, the tectonic fabric, bright and continuous lower crustal reflectivity and Moho reflections (Fig. 7) . Details of the acquisition and processing of these data are included as Supporting Information (Annex B). Fig. 8 shows the velocity model and PmP-inverted Moho reflector converted to two-way time (TWT) by assuming near-vertical propagation and overlaid on the MCS image to compare the information of both data sets.
The crust-mantle boundary is clear in Domains 2a, 1b, 2b and 4 (Figs 7 and 8) . Within Domains 1a and 5 the multiple energy masks the image and in segment 3 no Moho reflection is visible. In Domains 2a and 1b, laterally continuous packages of reflections are observed at 7.0-7.5 s TWT, whose base might correspond to the Moho (Fig. 7) . The WAS Moho reflector coincides generally well with the top of the high reflectivity package along both domains except between CMP 25 000 and 26 500, where the reflectivity package appears slightly deeper than the WAS Moho (Figs 7 and 8) . This misfit between reflections in MCS and coincident WAS data has been previously observed in other regions and attributed to velocity anisotropy between vertical and subhorizontal propagation (e.g. Sallarès et al. 2013b) . The fact that this misfit appears to be local rather than systematic along the entire transect suggests that either the degree of fracturing or the petrology of the crust vary rapidly over short distance (10-20 km) (White et al. 1992) , exhumed mantle and continental ultrathin (CUT) crust. The exhumed mantle reference includes 1-D P-wave-velocity-depth profiles from the Gulf of Cadiz (Sallarès et al. 2013a) and from the Tyrrhenian basin (Prada et al. 2014) . The CUT crust reference includes profiles from the Nova Scotia rifted margin (Funck et al. 2003 (Funck et al. , 2004 Wu et al. 2006) , the Grand Banks of Newfoundland (Lau et al. 2006; Van Avendonk et al. 2006 ) and the Moroccan margin (Nova Scotia Department of Energy 2011). To obtain both curves, we have calculated the average profile for each reference, and its standard deviation, which is represented by the envelope in both curves. (b) Visual comparison between four reference models (see legend in Fig. 4a ) and the average vertical velocity structure of the seven regions identified in the tomographic model (Fig. 2a) . The envelope of each coloured curve represents the lateral variability of velocity within the given region.
shoal eastward until Farfalla seamount, from 7.0 to ∼6.5 s TWT (Figs 7 and 8) , with a slight mismatch with the PmP-inverted Moho between CMP 34 500 and 35 000 (Figs 7 and 8) . At Domain 4 a strong reflectivity package between CMP 40 000 and 42 000 is slightly deeper than WAS Moho (Figs 7 and 8) .
The tectonic structure of Domain 1a (Fig. 7) is characterized in the west by a large tilted fault-block forming the half-graben of Sardinia basin. A major west-dipping fault, with a ∼3 km throw, controlled the formation of this basin (Fig. 7) , which is filled with ∼1.5 s TWT of syntectonic sequence overlaid by ∼0.5 s TWT of post rift. Minor westward and eastward dipping normal faults cut early synrift basin strata (Fig. 7) . The flexurally uplifted footwall of the fault block forms the continental Baronie seamount, cut to the east by a series of faults (Fig. 7) . Eastwards, Domain 1a (Fig. 7, km ∼35-70) , is formed by three main tilted fault-blocks covered by 0.5-1 s TWT thick sediment layer.
The transition from Domain 1a to 2a occurs across a series of minor faults (Fig. 7, km ∼67-72) . The structure of Domain 2a is different from 1a. Beneath a ≤0.5 s TWT-thick sediment layer, the basement structure displays minor relief associated to faults with tens to a few hundreds of metre offset.
The structure of Domain 1b is dominated in the west by the continental-crust block of Secchi and neighbour seamount, which is bounded by faults. Eastward, pervasive, minor east-dipping normal faulting cuts the crust of Domain 1b. The change in faulting style is accompanied by crustal thickness variations, from 8-9 km under Secchi seamount to ∼7 km in the east of this Domain (Figs 2a  and 7) .
The transition between Domains 1b and 2b occurs across a deeper basin where a large east-verging fault appears to reach close to the crust-mantle boundary (km 185-190 in Figs 7 and 8) . Similar to the eastern part of Domain 1b, Domain 2b displays a structure with small-offset pervasive normal faulting (Fig. 7 ). An array of comparatively small normal faults cuts the continental-crust block of Farfalla seamount, imaged at the eastern end (Figs 1 and 7) . Crustal thickness remains ∼6-7 km along this domain.
The narrow graben of VB (km 225-243, Domain 3) is bounded at either side by large faults, with almost 2 km of vertical offset, and contains the thickest (1.3 s TWT) sediment sequence in the deep basin area. Domain 4 is characterized by faults dipping east and west, with vertical offsets from few to several hundreds of metres. The structural boundary between Domains 4 and 5 is abrupt, marked by a ∼2 km vertical offset fault that bounds a sector with comparatively rapid thickening of the crust toward the continent (Figs 1, 2 and 7) . Domain 5 is cut by comparatively abundant faulting that creates a rough top basement relief. In summary, each domain characterized with seismic velocity profiles corresponds to a well-differentiated structural domain.
D I S C U S S I O N
Geological domains along Line E-F
The new results obtained along transect E-F support the presence of three different petrological affinities: continental, magmatic and exhumed mantle. In the following sections, we discuss the nature of each domain identified during the velocity analysis.
Continental crust of Sardinia (Domain 1a) and Campania margins (Domain 5), and Secchi segment (Domain 1b)
The continental affinity of Domain 1a is also supported by basement samples in Sardinia margin and from the Baronie Seamount ( Fig. 1 ; Colantoni et al. 1981; Mascle & Rehault 1990; Sartori et al. 2004) . In addition, pre-Tortonian reddish conglomerates of likely continental depositional environment (unit VI, Shipboard Scientific Party 1987) were drilled at the bottom of ODP site 654 (Fig. 1) . A crustal thickness of 25 km under central Sardinia has been inferred from gravity modelling, and active and passive seismic tomography (Di Stefano et al. 2011; Moeller et al. 2013; Prada et al. 2014) . Under Sardinia margin the crust has thinned to ∼10 km (at 140 km in Figs 2a and 9) , implying a stretching factor (β) of ∼2.5. Domain 1b has a fairly constant crustal thickness (8-km thick) indicating a β >3 (Figs 2a and 9a) . The continental nature inferred from gravity and velocity analyses is supported by dredges of Secchi seamount containing calcareous phyllites and calcschists (Colantoni et al. 1981 ; Figs 1 and 7) . These samples are lithologically alike to those sampled at the continental De Marchi seamount ( Fig. 1 ; Colantoni et al. 1981; Mascle & Rehault 1990; Sartori 1990) .
The seismic structure of the conjugated Campania margin (Domain 5 in Figs 2a and 7) displays a continental affinity (Figs 4 and 5) . Crustal thickness inferred from gravity modelling increases landward from 7.5 to ∼15 km in ∼25 km distance (Fig. 6) . We interpret this domain as the westernmost extension of the Italian continent.
Magmatic crustal accretion beneath Cornaglia and Campania Terraces (Domains 2a and 4), and Farfalla segment (Domain 2b)
The velocity structure under Domain 2a has a layered structure similar to layers 2 and 3 of young oceanic crust (White et al. 1992; Figs 4 and 5) , but with lower vertical velocity gradient in Layer 3 (Fig. 4) . However layer 3 fits well within the bounds of a reference model for CUT crust (Fig. 4b) . Moreover, results from gravity modelling also support that the petrological composition differs from 'classical' mid-ocean ridge oceanic crust (Fig. 6) ; as previously found in the southern region of this domain along transect G-H (Prada et al. 2014) .
To the east, the 2-layer velocity and density structure as well as the crustal thickness along Domains 2b and 4 are similar to oceanic crust (White et al. 1992; Figs 5 and 6) . However, as in Domain 2a the lower vertical velocity gradient along both domains is closer to that observed in CUT-like crust (Fig. 4) . Additionally, Variscan-related metamorphic rocks were dredged on top of Farfalla seamount supporting a continental affinity of this region (Colantoni et al. 1981 ; Figs 1 and 7) , although velocities beneath this seamount are >6.9-7.0 km s −1 that is anomalously high for most continental crust rock types (Christensen & Mooney 1995) . Similar velocities found in continental settings are interpreted as mafic rocks intruded during extension (e.g. Fountain 1989; White et al. 2008; Thybo & Artemieva 2013) .
These observations support the occurrence of magmatic crustal accretion beneath Domains 2a, 2b and 4. However, differences in tectonic structure between these domains may indicate spatial variations of magmatic accretion. Small-offset normal faults along Domain 2a cannot explain the amount of extension implied to thin a continental crust thickness as observed under Sardinia (∼25 km) to the 6-8 km thick crust of Domain 2a. Crustal thinning occurring fundamentally only by normal faulting in magma-poor margins is characterized by faults with heaves of several km, and large tilted fault-blocks (Ranero & Perez-Gussinye 2010) that is not visible in Domain 2a. In contrast, Domains 2b and 4 with a 6-8 km thick crust are cut by pervasive normal faulting, with comparatively large offsets of few hundreds of metres to ∼1 km. Our interpretation supports that basin opening along Domain 2a was fundamentally accommodated by magmatic accretion rather than extension by normal faulting of a pre-existing crust, which implies a comparatively larger accretion of magmatic rocks than in Domains 2b and 4.
Although we cannot determine the proportion of magmatically formed or intruded new crust of Domain 2a, we interpret that the origin of this backarc magmatism is the passive decompression of the underlying mantle given the amount of extension measured by these areas (β > 3). However, velocities and densities of the lower crust are somehow different to those observed in 'classical' mid-ocean ridges, where magmatism is strictly driven by the passive decompression of the mantle. Given that the extension of the Tyrrhenian basin was mainly driven by slab rollback, we propose that the melts involved in crustal construction were influenced by subduction-related hydrous flux melting. This component of Fig. 2(a) converted to TWT. Yellow circles and blue line represent the OBS/OBH location and geometry of the PmP-inverted Moho, respectively. Coloured triangles are the same as used in Fig. 4 to indicate the continental nature of the basement (Colantoni et al. 1981; slab-derived-fluid melting might decrease the velocity and density of the lower crust. Although the velocity and density of transect E-F are not enough to validate this hypothesis, geochemical analyses of the igneous rocks sampled in the Central Tyrrhenian support a melt source influenced by either slab-derived melts or fluids (Lustrino et al. 2011) .
Exhumed mantle rocks at the northernmost Vavilov basin (Domain 3)
The seismic data supports the presence of a narrow region of basement made of mantle rocks in Domain 3. The steep velocity gradient of Domain 3 is consistent with the vertical velocity structure of other exhumed mantle regions (e.g. Sallarès et al. 2013a; see Figs 4 and 5) . Further support for this interpretation comes from the absence of Moho reflections in both MCS and WAS records under the basin. The basin is bounded by some of the major faults in the region with ∼2 km vertical offsets (Figs 7 and 8) . Thus, mantle exhumation may have occurred by conjugate faulting in a 4-5 km wide region under the basin (Fig. 10) .
The Central Tyrrhenian crustal distribution
In this section, we integrate the results of transect E-F with geological and seafloor geomorphological observations, and results of transect G-H (Prada et al. 2014) to interpret the spatial distribution of geological domains in the Central Tyrrhenian.
Continental crust
Continental crust in the Central Tyrrhenian basin is identified in Domains 1 and 5 in profiles E-F and G-H (Figs 3 and 10) . Domains 1 and 1a include Sardinia and its margin (Fig. 3) . Crustal thickness variations are similar in both lines, thinning from ∼20 km under the coastline, to 13-12 km under the eastern edge of the continental margin (Fig. 9a) . The velocity distribution under Sardinia margin presents differences from north (Domain 1a) to south (Domain 1). Velocities of ∼6.0-6.3 km s −1 in the north are slightly higher than the ∼5.8-6.0 km s −1 in the south (Figs 3 and 9b) , which may imply differences in rock type. Domain 1b is interpreted as stretched continental crust (Fig. 10) . The tectonic fabric inferred from bathymetry supports that Domain 1b is formed by the southward extension of the continental crust defined further north (Moeller et al. 2013 (Moeller et al. , 2014 Fig. 10c) . The crustal transition between this domain and the continental crust imaged by Moeller et al. (2014) is marked by a northward thickening of the crust; from 7 km thick below Domain 1b to 17 km thick below the corresponding northern segment of transect C-D in Moeller et al. (2014;  Fig. 1 ). This thickening evidences the different degree of extension between the Northern and Central Tyrrhenian as suggested by previous studies (Malinverno & Ryan 1986; Rehault et al. 1987) . Although lower crustal velocities along transect C-D are slightly higher than in Domain 1b (Fig. 9b) , the crustal velocity structure of the Northern Tyrrenian is typical of continental crust (Moeller et al. 2013 (Moeller et al. , 2014 in agreement with dredge samples of basement rocks (Colantoni et al. 1981) . Eastwards, the continental crust of Domain 5 (Fig. 3) at CSIC on October 29, 2015 http://gji.oxfordjournals.org/ Downloaded from shows no important variations in continental crust thickness or velocity structure from north to south (Fig. 10) .
Magmatic backarc crustal accretion
A crust strongly affected by magmatic processes during backarc opening occurs beneath the Cornaglia Terrace from south (Domain 2) to north (Domain 2a) (Figs 3 and 10) . In the southern Cornaglia Terrace, the velocity structure is laterally more heterogeneous and accompanied by larger and wider spaced normal faults than in the northern Cornaglia Terrace (Fig. 3) . Our velocity models and scarcity of large normal faults in seismic images of these domains supports the conclusion that magmatism dominated during basin opening in this region.
Magmatic crustal accretion in Domain 2b of Line E-F (Fig. 6 ) is accompanied by important faulting of a pre-existing continental crust. The amount of extension and magmatism observed along this domain decrease abruptly to the north, where a ∼12-km-thick continental-type crust has slower lower-crust velocity (Fig. 9b ) (Moeller et al. 2014) . Domain 4 extends under the Campania Terrace, showing differences in crustal velocity and tectonic structure from north in Line E-F to south in Line G-H (Figs 7 and 9) . Extension in the north occurs on several large faults with up to ∼1 km offset, whereas in the south faults are much smaller, up to few hundreds of metres in offset (Fig. 5b in Prada et al. 2014) . Domain 4 basement in the north thickens eastwards from 5-10 km along ∼30 km of profile, while a similar eastward thickening in the south occurs along ∼60 km (Fig. 9a) . This change in tectonic style is well displayed in the seafloor relief, with large fault-block topography in the north and a subdued relief in the southern region (Figs 1 and 10 ). This change in tectonic style resembles that of continental Domain 1a to magmatic Domain 2 under Cornaglia Terrace (Figs 1 and 10 ). These tectonic variations reveal important variations of magmatic crustal accretion during the opening of Domain 4; while in the north extension is likely explained by faulting, in the south it seems to be accommodated mainly by magmatism, similar to Domains 2 and 2a in the Cornaglia Terrace.
Exhumed mantle
A major finding of this work is that the exhumed mantle region of more than 120 km wide across the MB and VB in Line G-H also occurs on line E-F, but only along 4-5 km wide in the northernmost VB. The distribution of the exhumed mantle domain follows the V-shaped morphology of VB indicating a strong tectonic control in the mantle unroofing (Fig. 10) . This domain also contains basaltic edifices possibly related to oceanic crustal accretion (i.e. Sites 655 and 651 in Fig. 10) (Beccaluva et al. 1990) and to intraplate volcanism (i.e. Magnaghi and Vavilov seamounts in Fig. 10 ) (Savelli 2002) , this last being somewhat younger than mantle unroofing (Savelli 2002) .
The northward transition of this domain and the emplacement of exhumed mantle after a significant magmatic accretion clearly evidence that rapid 3-D changes of strain and magmatic production occurred during the formation of the Tyrrhenian basin. These variations represent a major challenge for most conceptual models of the behaviour of the mantle during continental lithospheric extension, in which a spatial sequence of continental crust, exhumed mantle and finally oceanic crust is expected (e.g. Pérez-Gussinyé et al. 2006 ).
C O N C L U S I O N S
Geophysical and geological data show seven previously unknown domains of continental crust, magmatic backarc crustal accretion and exhumed mantle along profile E-F (Fig. 10) . The distribution of geological domains along transects E-F and G-H evidence for the first time the complex northward transition of crustal domains in the Central Tyrrhenian.
Continental crust in profiles E-F and G-H occurs in Domains 1, 1a, 1b and 5 (Fig. 10) . Domains 1 and 1a include the Island and margin of Sardinia, and Domain 5 is the western extension of the continental crust of the Italian Peninsula (Fig. 10) . Domain 1b in the centre of the basin corresponds to a portion of stretched continental crust, which is an extension from the continental crust of the northern Tyrrhenian basin (Fig. 10) .
All segments with important amounts of extension-Domains 2, 2a, 2b and 4-display comparatively high lower crust velocities that indicate a magmatic contribution during opening (Fig. 10) . However, geophysical observations support different formation process during their opening. Domains 2, 2a and the southern region of Domain 4, are characterized by comparatively sparse normal faulting that cannot explain the amount of extension. These regions potentially required larger contribution of magmatism to accommodate such amount of extension (β > 3). Domain 2b and the northern region of Domain 4 are also clearly affected by magmatism during extension, but in this case extension is likely explained by numerous and larger-offset faults that cut the continental crust of these domains.
The northern transect E-F in the northern VB shows a narrow segment (Domain 3) where mantle exhumation occurred. This is consistent with geophysical and drilling evidence along the southern profile G-H (Fig. 1) , where exhumation occurred over a ∼120 km wide region documenting a dramatic change in exhumation processes in a short distance (Fig. 10) . Geophysical observations reveal that mantle exhumation in the Tyrrhenian has been likely followed by local magmatic intrusions forming large seamounts visible in the bathymetry (Figs 1 and 10) .
Overall, our geophysical analysis reveals the 3-D distribution of magmatic and non-magmatic crustal domains in the Central Tyrrhenian implying significant changes of lithospheric deformation and production of magma difficult to resolve with current accepted 2-D models of lithospheric extension and passive decompression of the mantle.
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